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(54) LIQUID EJECTING HEAD, LIQUID EJECTING APPARATUS, AND PIEZOELECTRIC DEVICE

(57) A liquid ejecting head includes a flow path sub-
strate in which a nozzle through which liquid is ejected,
a pressure chamber that communicates with the nozzle
and a liquid supply chamber that communicates with the
pressure chamber are formed, a vibration plate that is
installed on the flow path substrate and overlaps with the
pressure chamber and the liquid supply chamber, and a

piezoelectric element that is formed on the vibration plate
on an opposite side from the pressure chamber, in which
a portion of the vibration plate overlapping with the pres-
sure chamber is thinner in a thickness than a portion of
the vibration plate overlapping with the liquid supply
chamber.
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Description

BACKGROUND

1. Technical Field

[0001] The present invention relates to a structure of
a liquid ejecting head.

2. Related Art

[0002] An existing liquid ejecting head that ejects liquid
in a pressure chamber through a nozzle by vibrating a
vibration plate configuring a wall surface of the pressure
chamber using a piezoelectric element has been pro-
posed. For example, JP-A-2013-000993 discloses a con-
figuration in which a flow path substrate in which an ink
supply chamber, an individual flow path, and an individual
liquid chamber are formed is covered by the vibration
plate. An ink supply port with a filter function is formed in
a portion of the vibration plate corresponding to the ink
supply chamber, and the piezoelectric element is formed
in a portion of the vibration plate corresponding to the
individual liquid chamber.

SUMMARY

[0003] However, in the technique of JP-A-
2013-000993, since the thickness of the vibration plate
is constant over the entire area, it is difficult to achieve
both of ensuring a displacement amount at the portion
of the vibration plate corresponding to the individual liquid
chamber and ensuring a strength at the portion of the
vibration plate corresponding to the ink supply chamber.
An advantage of some aspects of the invention is to en-
sure the strength of the vibration plate while ensuring the
displacement amount of the vibration plate.

First Aspect

[0004] A liquid ejecting head according to an aspect
(first aspect) of the invention includes a nozzle through
which liquid is ejected, a flow path substrate in which a
pressure chamber that communicates with the nozzle
and a liquid supply chamber that communicates with the
pressure chamber are formed, a vibration plate that is
installed on the flow path substrate and overlaps with the
pressure chamber and the liquid supply chamber, and a
piezoelectric element that is formed on the vibration plate
on an opposite side from the pressure chamber, in which
a portion of the vibration plate overlapping with the pres-
sure chamber is thinner in a thickness than a portion of
the vibration plate overlapping with the liquid supply
chamber. According to the above-described aspect,
since the portion of the vibration plate overlapping with
the pressure chamber is thinner in the thickness than the
portion of the vibration plate overlapping with the liquid
supply chamber, in comparison with a configuration in

which the thickness of the vibration plate is constant re-
gardless of a position of the vibration plate, a strength of
the portion of the vibration plate overlapping with the liq-
uid supply chamber can be ensured while ensuring a
displacement amount of the portion of the vibration plate
overlapping with the pressure chamber.

Second Aspect

[0005] In a preferable example (second aspect) ac-
cording to the first aspect, it is preferable that the portion
of the vibration plate overlapping with the liquid supply
chamber include a filter section in which a plurality of
through-holes is formed. According to the above-de-
scribed aspect, since the vibration plate includes the filter
section, bubbles, foreign matter, or the like included in
the liquid can be captured. Additionally, since the vibra-
tion plate also functions as the filter section, in compar-
ison with a configuration in which the filter section is pro-
vided as a different element from the vibration plate, a
configuration of the liquid ejecting head is simplified.

Third Aspect

[0006] In a preferable example (third aspect) according
to the first aspect or the second aspect, it is preferable
that a recess section that is recessed in comparison with
another portion be formed on a surface of the portion of
the vibration plate overlapping with the pressure chamber
on a side of the pressure chamber. According to the
above-described aspect, since the recess section that is
recessed in comparison with the other portion is formed
on the surface of the portion of the vibration plate over-
lapping with the pressure chamber on the side of the
pressure chamber, in comparison with a configuration in
which a recess section is formed on a surface of the vi-
bration plate on an opposite side from the pressure cham-
ber, a capacity of the pressure chamber can be sufficient-
ly ensured.

Fourth Aspect

[0007] In a preferable example (fourth aspect) accord-
ing to the third aspect, it is preferable that a surface of
the portion of the vibration plate overlapping with the liq-
uid supply chamber on a side of the liquid supply chamber
be formed of a compressive stress film, and the com-
pressive stress film be not formed on the surface of the
portion of the vibration plate overlapping with the pres-
sure chamber on the side of the pressure chamber. Ac-
cording to the above-described aspect, since the surface
of the portion of the vibration plate overlapping with the
liquid supply chamber on the side of the liquid supply
chamber is formed of the compressive stress film, and
the compressive stress film is not formed on the surface
of the vibration plate on the side of the pressure chamber,
the portion of the vibration plate overlapping with the
pressure chamber bends to the side of the piezoelectric
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element. Accordingly, in comparison with a configuration
in which the surface of the vibration plate on the side of
the liquid supply chamber is formed of a tensile stress
film, and the tensile stress film is not formed on the sur-
face on the side of the pressure chamber (that is, a con-
figuration in which the vibration plate bends to the side
of the pressure chamber), deterioration of the piezoelec-
tric element can be suppressed.

Fifth Aspect

[0008] In a preferable example (fifth aspect) according
to the third aspect, it is preferable that the surface of the
portion of the vibration plate overlapping with the liquid
supply chamber on the side of the liquid supply chamber
be formed of a tensile stress film, and the tensile stress
film be not formed on the surface of the portion of the
vibration plate overlapping with the pressure chamber on
the side of the pressure chamber. According to the
above-described aspect, since the surface of the portion
of the vibration plate overlapping with the liquid supply
chamber on the side of the liquid supply chamber is
formed of the tensile stress film, and the tensile stress
film is not formed on the surface of the vibration plate on
the side of the pressure chamber, the portion of the vi-
bration plate overlapping with the pressure chamber
bends to the side of the pressure chamber. Accordingly,
in comparison with a configuration in which the surface
of the vibration plate on the side of the liquid supply cham-
ber is formed of the compressive stress film, and the com-
pressive stress film is not formed on the surface on the
side of the pressure chamber (that is, a configuration in
which the vibration plate bends to the opposite side from
the pressure chamber), a crack can be suppressed from
being generated in the vibration plate.

Sixth Aspect

[0009] In a preferable example (sixth aspect) accord-
ing to any one of the first aspect to the fifth aspect, it is
preferable that a portion of the vibration plate in which
the piezoelectric element is formed be thinner in a thick-
ness over the entire area than the portion of the vibration
plate overlapping with the liquid supply chamber. Accord-
ing to the above-described aspect, since the portion of
the vibration plate in which the piezoelectric element is
formed is thinner in the thickness over the entire area
than the portion of the vibration plate overlapping with
the liquid supply chamber, in comparison with a config-
uration in which the portion of the vibration plate in which
the piezoelectric element is formed has a partially small
thickness, a remarkable effect of ensuring the displace-
ment amount of the portion of the vibration plate over-
lapping with the pressure chamber is obtained.

Seventh Aspect

[0010] A liquid ejecting apparatus according to an as-

pect (seventh aspect) of the invention includes the liquid
ejecting head according to any one of the first aspect to
the sixth aspect. Although a preferable example of the
liquid ejecting apparatus is a printing apparatus that
ejects ink, the application of the liquid ejecting apparatus
according to an aspect of the invention is not limited to
printing.

Eighth Aspect

[0011] A piezoelectric device according to an aspect
(eighth aspect) of the invention that is provided in a liquid
ejecting head that includes a flow path substrate in which
a pressure chamber that communicates with a nozzle
through which liquid is ejected and a liquid supply cham-
ber that communicates with the pressure chamber are
formed includes a vibration plate that is installed on the
flow path substrate and overlaps with the pressure cham-
ber and the liquid supply chamber, and a piezoelectric
element that is formed on the vibration plate on an op-
posite side from the pressure chamber, in which a portion
of the vibration plate overlapping with the pressure cham-
ber is thinner in a thickness than a portion of the vibration
plate overlapping with the liquid supply chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings, wherein like numbers refer-
ence like elements.

Fig. 1 is a configuration diagram of a liquid ejecting
apparatus according to a first embodiment.
Fig. 2 is a plan view of a liquid ejecting head.
Fig. 3 is a cross-sectional view of the liquid ejecting
head (the cross-sectional view taken along a line III-
III in Fig. 2).
Fig. 4 is a cross-sectional view focusing on a vibra-
tion plate.
Fig. 5 is an enlarged view of a vibrating portion of
the vibration plate.
Fig. 6 is a graph showing a relationship between a
bend of the vibrating portion in a non-driven state
immediately after manufacture and a rate of reduc-
tion in an amplitude of the vibrating portion over time
as the liquid ejecting head is used.
Fig. 7 is an enlarged view of the vibrating portion of
the vibration plate according to a second embodi-
ment.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

First Embodiment

[0013] Fig. 1 is a configuration diagram illustrating a
liquid ejecting apparatus 100 according to a first embod-
iment of the invention. The liquid ejecting apparatus 100
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according to the first embodiment is an ink jet type printing
apparatus that ejects ink that is an example of liquid to
a medium (ejection target) 12. Although, typically, the
medium 12 is printing paper, a target of printing made of
an arbitrary material such as a resin film, a fabric, or the
like is used as the medium 12. As illustrated in Fig. 1, the
liquid ejecting apparatus 100 is provided with a liquid
container 14 for storing the ink. For example, a cartridge
attachable/detachable to/from the liquid ejecting appa-
ratus 100, a bag-shaped ink pack formed of a flexible
film, or an ink tank that can be replenished with the ink
is used as the liquid container 14.
[0014] As illustrated in Fig. 1, the liquid ejecting appa-
ratus 100 includes a control unit 20, a transport mecha-
nism 22, a moving mechanism 24, and a liquid ejecting
head 26. The control unit 20 includes, for example, a
processing circuit such as a CPU (Central Processing
Unit), an FPGA (Field Programmable Gate Array), or the
like, and a storage circuit such as a semiconductor mem-
ory, and generally controls each element of the liquid
ejecting apparatus 100. The transport mechanism 22
transports the medium 12 in a Y direction under the con-
trol of the control unit 20.
[0015] The moving mechanism 24 reciprocates the liq-
uid ejecting head 26 in an X direction under the control
of the control unit 20. The X direction is a direction that
intersects with (typically, is orthogonal to) the Y direction
in which the medium 12 is transported. The moving mech-
anism 24 according to the first embodiment includes a
substantially box-shaped transport body 242 (carriage)
for housing the liquid ejecting head 26, and a transport
belt 244 to which the transport body 242 is fixed. Note
that, a configuration in which a plurality of the liquid eject-
ing heads 26 is mounted in the transport body 242, or a
configuration in which the liquid container 14 is mounted
in the transport body 242 with the liquid ejecting head 26
may also be employed.
[0016] The liquid ejecting head 26 ejects ink supplied
from the liquid container 14 to the medium 12 through a
plurality of nozzles (ejection holes) N under the control
of the control unit 20. By each liquid ejecting head 26
ejecting the ink to the medium 12 in parallel with the trans-
port of the medium 12 by the transport mechanism 22
and the repetitive reciprocation of the transport body 242,
a desired image is formed on a surface of the medium 12.
[0017] Fig. 2 is a plan view of the liquid ejecting head
26, Fig. 3 is a cross-sectional view of the liquid ejecting
head 26 (a cross-sectional view taken along a line III-III
in Fig. 2). Specifically, the liquid ejecting head 26 includes
a nozzle plate 61, a flow path substrate 63, a vibration
plate 65, a piezoelectric element 67, and a housing sec-
tion 69.
[0018] The nozzle plate 61, the flow path substrate 63,
and the vibration plate 65 are plate-shaped members that
are long in the Y direction. As illustrated in Fig. 3, the
nozzle plate 61 is installed on one surface of the flow
path substrate 63, and the vibration plate 65 is installed
on the other surface thereof. For example, the nozzle

plate 61, the flow path substrate 63, and the vibration
plate 65 are bonded to one another using an adhesive.
The piezoelectric element 67 and the housing section 69
are installed on a surface of the vibration plate 65 on an
opposite side from the flow path substrate 63. In the fol-
lowing description, a surface of the vibration plate 65 on
the flow path substrate 63 side is expressed as a "first
surface S1", and a surface of the vibration plate 65 on
an opposite side from the flow path substrate 63 is ex-
pressed as a "second surface S2".
[0019] The nozzle plate 61 is a plate-shaped member
in which the plurality of nozzles N arrayed in the Y direc-
tion is formed. Each of the nozzles N is a through-hole
through which the ink is ejected. Note that, the nozzle
plate 61 and the flow path substrate 63 are formed, for
example, by processing a silicon (Si) single-crystal sub-
strate through a semiconductor manufacturing technique
such as etching or the like. Note that, any materials, any
manufacturing methods, or the like may be employed for
each element of the liquid ejecting head 26. The Y direc-
tion may also be rephrased as a direction in which the
plurality of nozzles N is arrayed.
[0020] The flow path substrate 63 is a plate-shaped
member for forming a flow path of the ink. As illustrated
in Fig. 2 and Fig. 3, a pressure chamber (cavity) C1, a
filter chamber C21, and a throttle section C22 are formed
in the flow path substrate 63 for each of the nozzles N.
The throttle section C22 is located between the pressure
chamber C1 and the filter chamber C21. Each of the pres-
sure chamber C1 and throttle section C22 has a long
space along the X direction when viewed in a plan view.
A width of the throttle section C22 in a plan view (a length
in the Y direction) is narrower than widths of the pressure
chamber C1 and the filter chamber C21. A length of the
filter chamber C21 in a plan view (a length in the X direc-
tion) is shorter than a length of the pressure chamber C1.
The pressure chamber C1 communicates with the nozzle
N, and the throttle section C22 communicates with the
pressure chamber C1 and the filter chamber C21. In other
words, the filter chamber C21 communicates with the
pressure chamber C1 through the throttle section C22.
Note that, any shapes can be employed for each of the
elements (C1, C21, and C22) of the flow path substrate
63. The vibration plate 65 installed on the flow path sub-
strate 63 overlaps with the pressure chamber C1, the
throttle section C22, and the filter chamber C21 in a plan
view.
[0021] As illustrated in Fig. 3, the housing section 69
is installed on the vibration plate 65 on an opposite side
from the filter chamber C21. The housing section 69 is,
for example, a structural body manufactured through res-
in material injection molding, and is fixed to the second
surface S2 of the vibration plate 65. In the housing section
69, a liquid storage chamber CR is formed. The liquid
storage chamber CR is a common liquid chamber pro-
vided over the plurality of nozzles N (or a plurality of the
pressure chambers C1), and stores the ink supplied from
the liquid container 14. As illustrated in Fig. 2, the liquid
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storage chamber CR overlaps with the plurality of filter
chambers C21 in a plan view.
[0022] As illustrated in Fig. 2 and Fig. 3, a portion of
the vibration plate 65 overlapping with the filter chamber
C21 includes a filter section F in which a plurality of
through-holes H is formed. The filter section F is individ-
ually formed for each of the pressure chambers C1 (or
for each of the nozzles N). A diameter of the through-
hole H is, for example, smaller than the diameter of the
nozzle N. The filter section F can capture bubbles, foreign
matter, or the like included in the ink. The ink stored in
the liquid storage chamber CR passes through the filter
section F and is supplied to the filter chamber C21.
[0023] The filter chamber C21 is a space for supplying
the ink to the pressure chamber C1, and stores the ink
supplied from the liquid storage chamber CR. The ink
stored in the filter chamber C21 is supplied to the pres-
sure chamber C1 through the throttle section C22. The
throttle section C22 is a space for ensuring flow path
resistance, and functions as a flow path for causing the
ink to flow from the filter chamber C21 to the pressure
chamber C1. The filter chamber C21 and the throttle sec-
tion C22 function as a liquid supply chamber C2 for sup-
plying the ink to the pressure chamber C1. The liquid
supply chamber C2 communicates with the pressure
chamber C1. As is understood from the above descrip-
tion, the plurality of pressure chambers C1 is supplied
with the ink stored in the liquid storage chamber CR
through the liquid supply chambers C2, respectively, and
filled with the ink, in parallel. As described above, the
vibration plate 65 is installed on the flow path substrate
63, and overlaps with the pressure chamber C1 and the
liquid supply chamber C2 (the throttle section C22 and
the filter chamber C21). In the following description, a
portion of the vibration plate 65 overlapping with the pres-
sure chamber C1 is expressed as a "vibrating portion
R1", and a portion of the vibration plate 65 overlapping
with the liquid supply chamber C2 is expressed as a "fix-
ing portion R2". The piezoelectric element 67 is installed
in the vibrating portion R1, the filter section F is formed
in the fixing portion R2 (specifically, in a portion overlap-
ping with the filter chamber C21).
[0024] As illustrated in Fig. 3, the piezoelectric element
67 is installed on the vibration plate 65 on an opposite
side from the pressure chamber C1 (that is, on the second
surface S2 of the vibrating portion R1). The piezoelectric
element 67 is individually formed for each of the pressure
chambers C1 (or for each of the nozzles N). The piezo-
electric element 67 is an actuator that deforms by a driv-
ing signal being supplied. As illustrated in Fig. 2, the pi-
ezoelectric element 67 that is slightly smaller than the
pressure chamber C1 in a plan view is formed. A plurality
of the piezoelectric elements 67 is arrayed in the Y di-
rection so as to correspond to the plurality of pressure
chambers C1, respectively. For example, the piezoelec-
tric element 67 is configured by laminating a first elec-
trode (lower electrode), a piezoelectric body layer, and
a second electrode (upper electrode). A portion of the

piezoelectric body layer interposed between the first
electrode and the second electrode (a so-called active
portion) deforms in accordance with a voltage difference
between a reference voltage applied to the first electrode
and the driving signal supplied to the second electrode.
When the vibration plate 65 vibrates linked with the de-
formation of the piezoelectric element 67, by variation in
the pressure in the pressure chamber C1, the ink with
which the pressure chamber C1 is filled is ejected through
the nozzle N. As is understood from the above descrip-
tion, a piezoelectric device is configured of the vibration
plate 65 and the piezoelectric element 67.
[0025] A specific configuration of the vibration plate 65
will be described in detail below. Fig. 4 is a cross-sec-
tional view focusing on the vibration plate 65. As illustrat-
ed in Fig. 4, on a surface of the vibrating portion R1 on
the pressure chamber C1 side, a recess section D that
is recessed in comparison with other portions (for exam-
ple, the fixing portion R2) is formed. In other words, a
thickness (a length in a lamination direction) T1 of the
vibrating portion R1 is smaller than a thickness T2 of the
fixing portion R2. In the first embodiment, since the re-
cess section D is formed over the entire area of the vi-
brating portion R1, the vibrating portion R1 is thinner in
the thickness over the entire area than the fixing portion
R2. In other words, the portion of the vibration plate 65
in which the piezoelectric element 67 is formed is thinner
in the thickness over the entire area than the fixing portion
R2.
[0026] As illustrated in Fig. 4, the vibration plate 65 is
configured of a first layer 651 and a second layer 652.
The first layer 651 and the second layer 652 are laminat-
ed from the flow path substrate 63 side in this order. Of
the first layer 651, the first surface S1 is bonded to the
flow path substrate 63, and a surface on an opposite side
from the first surface S1 is bonded to the second layer
652. As illustrated in Fig. 4, by partially removing the first
layer 651 in the vibrating portion R1, the recess section
D is formed in the vibrating portion R1.
[0027] The first layer 651 is, for example, formed by
forming a film of silicon oxide (for example, SiO2) through
chemical vapor deposition. The first layer 651 film-formed
through the chemical vapor deposition of the silicon oxide
is a compressive stress film with a compressive stress
remaining in the inside. The second layer 652 is, for ex-
ample, formed by laminating silicon (Si), polycrystalline
silicon, amorphous silicon, silicon oxide, and silicon ni-
tride (for example, Si3N4). The second layer 652 is
formed using a known film formation technique. A film
thickness of the first layer 651 is smaller than a film thick-
ness of the second layer 652. By covering the surface of
the second layer 652 with the first layer 651 after forming
the second layer 652, and then selectively removing the
first layer 651 in the vibrating portion R1 using a known
processing technique such as etching or the like, the vi-
bration plate 65 is formed. As is understood from the
above description, the surface of the vibration plate 65
in the fixing portion R2 on the liquid supply chamber C2
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side is formed of the compressive stress film, and the
compressive stress film is not formed on the surface of
the vibration plate 65 in the vibrating portion R1 on the
pressure chamber C1 side.
[0028] Fig. 5 is an enlarged view of the vibrating portion
R1 of the vibration plate 65. As described above, the first
layer 651 according to the first embodiment is the com-
pressive stress film. Accordingly, in a state where the
first layer 651 is not removed, a tensile stress from the
first layer 651 acts on a lower surface of the second layer
652 (a boundary surface between the first layer 651 and
the second layer 652). In the first embodiment, by remov-
ing the first layer 651 in the vibrating portion R1, the ten-
sile stress acting on the lower surface of the second layer
652 is reduced. Accordingly, as illustrated in Fig. 5, in a
state where the piezoelectric element 67 is not supplied
with the driving signal (hereinafter, referred to as a "non-
driven state"), the vibration plate 65 is bent to the piezo-
electric element 67 side such that the vibrating portion
R1 is convex.
[0029] Fig. 6 is a graph showing a relationship between
a bend (hereinafter, referred to as an "initial bend") P of
the vibrating portion R1 in the non-driven state immedi-
ately after manufacture and a rate of reduction in an am-
plitude (that is, a displacement amount) of the vibrating
portion R1 over time as the liquid ejecting head 26 is
used (hereinafter, referred to as a "reduction rate"). Fig.
6 shows the initial bend with a state where the vibration
plate 65 does not bend as a reference (0 nm). The graph
shows that as the initial bend P is smaller than 0 nm, the
vibrating portion bends to the pressure chamber C1 side,
and as the initial bend P is larger than 0 nm, the vibrating
portion bends to the piezoelectric element 67 side. Ad-
ditionally, the reduction rate may also be rephrased as
representation of a degree of deterioration of the piezo-
electric element 67. As is seen from Fig. 6, knowledge
that as the initial bend P is smaller than 0 nm, the reduc-
tion rate increases is obtained. In other words, as the
vibrating portion R1 bends to the pressure chamber C1
side, the degree of the deterioration of the piezoelectric
element 67 increases. In the first embodiment, since the
vibrating portion R1 bends to the piezoelectric element
67 side in the non-driven state, the deterioration of the
piezoelectric element 67 can be suppressed.
[0030] Here, in order to ensure the amplitude (dis-
placement amount) of the vibrating portion R1, the vibra-
tion plate 65 is desirably thin in the thickness. On the
other hand, in order to ensure a strength of the fixing
portion R2, the vibration plate 65 is desirably thick in the
thickness. Accordingly, in a configuration in which the
thickness of the vibration plate 65 is constant regardless
of a position in the vibration plate 65 (hereinafter, referred
to as a "comparative example 1"), it is difficult to ensure
the strength of the fixing portion R2 while ensuring the
amplitude of the vibrating portion R1. In contrast, by the
configuration according to the first embodiment in which
the thickness T1 of the vibrating portion R1 is smaller
than the thickness T2 of the fixing portion R2, it is possible

to ensure the strength of the fixing portion R2 while en-
suring the displacement amount of the vibrating portion
R1. Additionally, since, by making the thickness T2 of
the fixing portion R2 larger than that of the vibrating por-
tion R1, the strength of the fixing portion R2 can be en-
sured, in comparison with a configuration in which a me-
chanical strength is ensured by forming an insulating lay-
er on the second surface S2 of the fixing portion R2 in
the comparative example 1, for example, the configura-
tion of the liquid ejecting head 26 is simplified.

Second Embodiment

[0031] A second embodiment of the invention will be
described. Note that, in each mode described as an ex-
ample below, the elements whose actions or functions
are the same as those in the first embodiment are given
the reference numerals used in the description in the first
embodiment, and detailed descriptions thereof will be ap-
propriately omitted.
[0032] The first layer 651 according to the second em-
bodiment is formed by forming a film of silicon nitride
through chemical vapor deposition. The first layer 651
film-formed through the chemical vapor deposition of the
silicon nitride is a tensile stress film with a tensile stress
remaining in the inside. The second layer 652 according
to the second embodiment is formed in the same manner
as in the first embodiment, for example, by laminating
silicon, polycrystalline silicon, amorphous silicon, silicon
oxide, and silicon nitride. By covering the surface of the
second layer 652 with the first layer 651 after forming the
second layer 652, and then selectively removing the first
layer 651 in the vibrating portion R1 using a known
processing technique such as etching or the like, the vi-
bration plate 65 is formed. As is understood from the
above description, the surface of the vibration plate 65
in the fixing portion R2 on the liquid supply chamber C2
side is formed of the tensile stress film, and the tensile
stress film is not formed on the surface of the vibration
plate 65 in the vibrating portion R1 on the pressure cham-
ber C1 side.
[0033] Fig. 7 is an enlarged view of the vibrating portion
R1 of the vibration plate 65 according to the second em-
bodiment. As described above, the first layer 651 accord-
ing to the second embodiment is the tensile stress film.
Accordingly, in a state where the first layer 651 is not
removed, a compressive stress from the first layer 651
acts on the lower surface of the second layer 652 (a
boundary surface between the first layer 651 and the
second layer 652). In the second embodiment, by remov-
ing the first layer 651 in the vibrating portion R1, the com-
pressive stress acting on the lower surface of the second
layer 652 is reduced. Accordingly, as illustrated in Fig.
7, in the non-driven state of the piezoelectric element 67,
the vibration plate 65 bends to the pressure chamber C1
side such that the vibrating portion R1 is convex.
[0034] Here, in a state where the piezoelectric element
67 is supplied with the driving signal (hereinafter, referred
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to as a "driven state"), since a pressure from the ink is
applied to the vibrating portion R1 (force of the ink for
pushing up the vibration plate 65), the vibrating portion
R1 bends to the piezoelectric element 67 side. Accord-
ingly, in a case where the vibrating portion R1 bends to
the piezoelectric element 67 side in the non-driven state
of the piezoelectric element 67 (hereinafter, referred to
as a "comparative example 2"), the bend to the piezoe-
lectric element 67 side is further increased in the driven
state (that is, a degree of the deformation of the vibration
plate 65 increases). Accordingly, in the vicinity of bound-
ary between the portion that is bonded and the portion
that is not bonded (typically, the vibrating portion R1) to
the flow path substrate 63, of the vibration plate 65 in the
comparative example 2, a crack is easy to be generated.
In the second embodiment, since the vibrating portion
R1 bends to the pressure chamber C1 side in the non-
driven state of the piezoelectric element 67, in compari-
son with the comparative example 2, the crack can be
suppressed from being generated in the vibration plate
65.
[0035] In the second embodiment as well, in the same
manner as in the first embodiment, the strength of the
fixing portion R2 can be ensured while ensuring the dis-
placement amount of the vibrating portion R1. Addition-
ally, by making the fixing portion R2 thicker in the thick-
ness than the vibrating portion R1, the strength of the
fixing portion R2 can be ensured, the configuration of the
liquid ejecting head 26 can be simplified.

Variation

[0036] Each mode described above may be variously
modified. Specific modification aspects that may be ap-
plied to each mode described above will be described
below as an example. Note that, two or more aspects
arbitrarily selected from examples described below may
appropriately be combined in a range in which they are
not inconsistent with each other.
[0037] 1. In the first embodiment, although the first lay-
er 651 is formed by film-forming of the silicon oxide
through the chemical vapor deposition, the formation
method and the material of the first layer 651 are not
limited to the above-described example. Further, in the
second embodiment, although the first layer 651 is
formed by film-forming of the silicon nitride through the
chemical vapor deposition, the formation method and the
material of the first layer 651 are not limited to the above-
described example. It is not essential that the compres-
sive stress or the tensile stress remains in the first layer
651.
[0038] 2. In each mode described above, although the
configuration in which the fixing portion R2 includes the
filter section F is described as an example, whether to
provide the filter section F in the fixing portion R2 is op-
tional. Note that, according to the configuration in which
the fixing portion R2 includes the filter section F, bubbles,
foreign matter, or the like included in the ink can be cap-

tured. Additionally, since the vibration plate 65 also func-
tions as the filter section F, in comparison with the con-
figuration in which the filter section F is provided as a
different element from the vibration plate 65, the config-
uration of the liquid ejecting head 26 is simplified.
[0039] 3. In each mode described above, although the
configuration in which the recess section D is formed on
the surface of the vibrating portion R1 on the pressure
chamber C1 side (that is, the first surface S1) is described
as an example, a specific shape of the vibration plate 65
may be changed as desired as long as the vibrating por-
tion R1 is thinner in the thickness than the fixing portion
R2. For example, the recess section D that is recessed
in comparison with other portions may be formed on the
surface of the vibrating portion R1 on the piezoelectric
element 67 side (that is, the second surface S2). In the
configuration in which the vibrating portion R1 is thinner
in the thickness than the fixing portion R2, an effect that
the strength of the fixing portion R2 can be ensured while
ensuring the displacement amount of the vibrating por-
tion R1 is achieved. Note that, according to the configu-
ration in which the recess section D is formed on the
surface of the vibrating portion R1 on the pressure cham-
ber C1 side, in comparison with the configuration in which
the recess section D is formed on the surface of the vi-
brating portion R1 on the piezoelectric element 67 side,
a capacity of the pressure chamber C1 can be sufficiently
ensured.
[0040] 4. In each mode described above, although the
vibration plate 65 is configured of the first layer 651 and
the second layer 652, the structure of the vibration plate
65 is not limited to the above-described example. For
example, the vibration plate 65 may be formed as a single
layer. For example, by film-forming any one or both of
silicon oxide and silicon nitride through the chemical va-
por deposition, the vibration plate 65 may be formed.
Alternatively, by laminating silicon, polycrystalline silicon,
amorphous silicon, silicon oxide, silicon nitride, or the
like, the vibration plate 65 may be formed.
[0041] 5. In the first embodiment, although the config-
uration in which the surface of the fixing portion R2 on
the liquid supply chamber C2 side is formed of the com-
pressive stress film, and the compressive stress film is
not formed on the surface of the vibrating portion R1 on
the pressure chamber C1 side is described as an exam-
ple, types of the surfaces of the vibrating portion R1 and
the fixing portion R2 on the flow path substrate 63 side
are not limited to the above-described configuration. For
example, a configuration in which the compressive stress
film is formed on the surfaces of both the vibrating portion
R1 and the fixing portion R2, or a configuration in which
a film other than the compressive stress film is formed
on the surfaces of both the vibrating portion R1 and the
fixing portion R2 may also be employed. Note that, by
the configuration according to the first embodiment in
which the surface of the fixing portion R2 on the liquid
supply chamber C2 side is formed of the compressive
stress film, and the compressive stress film is not formed
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on the surface of the vibrating portion R1 on the pressure
chamber C1 side, the vibrating portion R1 bends to the
piezoelectric element 67 side. Accordingly, as described
in the first embodiment, in comparison with the configu-
ration in which the surface of the fixing portion R2 on the
liquid supply chamber C2 side is formed of the tensile
stress film (that is, the configuration in which the vibrating
portion R1 bends to the flow path substrate 63 side), the
deterioration of the piezoelectric element 67 can be sup-
pressed.
[0042] 6. In the second embodiment, although the con-
figuration in which the surface of the fixing portion R2 on
the liquid supply chamber C2 side is formed of the tensile
stress film, and the tensile stress film is not formed on
the surface of the vibration plate 65 in the vibrating portion
R1 on the pressure chamber C1 side is described as an
example, types of the surfaces of the vibrating portion
R1 and the fixing portion R2 on the flow path substrate
63 side are not limited to the above-described configu-
ration. For example, a configuration in which the tensile
stress film is formed on the surfaces of both the vibrating
portion R1 and the fixing portion R2, or a configuration
in which a film other than the tensile stress film is formed
on the surfaces of both the vibrating portion R1 and the
fixing portion R2 may also be employed. Note that, by
the configuration according to the second embodiment
in which the surface of the fixing portion R2 on the liquid
supply chamber C2 side is formed of the tensile stress
film, and the tensile stress film is not formed on the sur-
face of the vibration plate 65 in the vibrating portion R1
on the pressure chamber C1 side, the vibrating portion
R1 bends to the pressure chamber C1 side. Accordingly,
as described in the second embodiment, in comparison
with the configuration in which the surface of the fixing
portion R2 on the liquid supply chamber C2 side is formed
of the compressive stress film (that is, the configuration
in which the vibrating portion bends to the piezoelectric
element 67 side), the crack can be suppressed from be-
ing generated in the vibration plate 65.
[0043] 7. In each mode described above, although the
recess section D is formed by removing the first layer
651 at the vibrating portion R1, the formation method of
the recess section D is not limited to the above-described
example. For example, the recess section D may be
formed by partially removing the first layer 651 in the
vibrating portion R1 in the thickness direction. Addition-
ally, the recess section D may be formed by removing
the first layer 651 and a part of the second layer 652 in
the thickness direction. In other words, any depth of the
recess section D formed in the vibrating portion R1 may
be used.
[0044] 8. In each mode described above, although the
configuration in which the portion of the vibration plate
65 in which the piezoelectric element 67 is formed is thin-
ner in the thickness over the entire area than the fixing
portion R2 is described as an example, the portion of the
vibration plate 65 in which the piezoelectric element 67
is formed may partially be thinner in the thickness than

the fixing portion R2. Note that, according to the config-
uration in which the portion of the vibration plate 65 in
which the piezoelectric element 67 is formed is thinner
in the thickness over the entire area than the fixing portion
R2, in comparison with the configuration in which the
portion of the vibration plate 65 in which the piezoelectric
element 67 is formed is partially thin in the thickness, a
more remarkable effect of ensuring the displacement
amount of the vibrating portion R1 is obtained.
[0045] 9. In each mode described above, although the
configuration in which the vibrating portion R1 is thinner
in the thickness over the entire area than the fixing portion
R2 is described as an example, the vibrating portion R1
may partially be thinner in the thickness than the fixing
portion R2. For example, a range in which the thickness
is made to be smaller than that of the fixing portion R2
may arbitrarily be changed in accordance with the size
of the piezoelectric element 67.
[0046] 10. In each mode described above, although
the liquid supply chamber C2 is configured of the filter
chamber C21 and the throttle section C22, a specific con-
figuration of the liquid supply chamber C2 is not limited
to the above-described example. For example, the liquid
supply chamber C2 may be configured only of the filter
chamber C21.
[0047] 11. In each mode described above, although
the serial type liquid ejecting apparatus 100 that recipro-
cates the transport body 242 in which the liquid ejecting
head 26 is mounted is described as an example, the in-
vention can also be applied to a line type liquid ejecting
apparatus in which the plurality of nozzles N is distributed
over the entire width of the medium 12.
[0048] 12. The liquid ejecting apparatus 100 described
as an example in each mode described above may be
employed in various types of apparatuses such as a fac-
simile machine, a copying machine, or the like, in addition
to an apparatus dedicated to printing. Understandably,
the application of the liquid ejecting apparatus according
to the invention is not limited to printing. For example,
the liquid ejecting apparatus that ejects a color material
solution is used as a manufacturing apparatus for forming
a color filter of a liquid crystal display device. Additionally,
the liquid ejecting apparatus that ejects a solution of a
conductive material is used as a manufacturing appara-
tus for forming a wire or an electrode of a wiring substrate.

Claims

1. A liquid ejecting head (26) comprising:

a nozzle (N) through which liquid can be ejected;
a flow path substrate (63) in which a pressure
chamber (C1) that communicates with the noz-
zle and a liquid supply chamber (C2) that com-
municates with the pressure chamber are
formed;
a vibration plate (65) that is installed on the flow
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path substrate and overlaps with the pressure
chamber and the liquid supply chamber; and
a piezoelectric element (67) that is formed on
the vibration plate on an opposite side from the
pressure chamber,
wherein a portion of the vibration plate overlap-
ping with the pressure chamber is thinner in a
thickness than a portion of the vibration plate
overlapping with the liquid supply chamber.

2. The liquid ejecting head according to Claim 1,
wherein the portion of the vibration plate overlapping
with the liquid supply chamber includes a filter sec-
tion (F) in which a plurality of through-holes (H) is
formed.

3. The liquid ejecting head according to Claim 1 or
Claim 2,
wherein a recess section (D) that is recessed in com-
parison with another portion is formed on a surface
of the portion of the vibration plate overlapping with
the pressure chamber on a side of the pressure
chamber.

4. The liquid ejecting head according to Claim 3,
wherein a surface of the portion of the vibration plate
overlapping with the liquid supply chamber on a side
of the liquid supply chamber is formed of a compres-
sive stress film (651), and
the compressive stress film is not formed on the sur-
face of the portion of the vibration plate overlapping
with the pressure chamber on the side of the pres-
sure chamber.

5. The liquid ejecting head according to Claim 3,
wherein the surface of the portion of the vibration
plate overlapping with the liquid supply chamber on
the side of the liquid supply chamber is formed of a
tensile stress film (651), and
the tensile stress film is not formed on the surface
of the portion of the vibration plate overlapping with
the pressure chamber on the side of the pressure
chamber.

6. The liquid ejecting head according to any one of the
preceding claims,
wherein a portion of the vibration plate at which the
piezoelectric element is formed is thinner in a thick-
ness over an entire area than the portion of the vi-
bration plate overlapping with the liquid supply cham-
ber.

7. A liquid ejecting apparatus (100) comprising:

the liquid ejecting head (26) according to any
one of the preceding claims.
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